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Note: I simboli che indicano le varie conformazioni d’anello sono assegnate in accordo con le regole 
di Cremer e Pople; secondo questa nomenclatura le conformazioni a sedia, mezza sedia, barca e barca 
distorta sono indicate con i simboli C, H, B, S e gli atomi che sono sopra o sotto il piano principale 
dell’anello sono indicati con indici in alto a sinistra o in basso a destra del simbolo, rispettivamente. 
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Sec. Struc: Helices labelled H1, H2, ... and strands by their sheets A, 
B, ...  
  HelixStrand  
Motifs:   beta turn  gamma turn  beta hairpin
CSA annotation:    catalytic residue
Residue contacts:    to ligand
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Helices labelled H1, H2, ... and strands by their sheets 
A, B, ...  
  HelixStrand  
Motifs:   beta turn  gamma turn  beta hairpin
Disulphides:    disulphide bond
Residue contacts:     to ligand
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Helices labelled H1, H2, ... and strands by their sheets 
A, B, ...  
  HelixStrand  
Motifs:    beta turn  gamma turn  beta hairpin
Disulphides:    disulphide bond
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Figura 1. Rappresentazione grafica dei termini del potenziale presenti in vari force field
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AMBER (Assisted Model Building and 
Energy Refinement)
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CHARMM (Chemistry at HARvard 
Molecular Mechanics).
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OPLS (Optimized Potential for Liquid 
Simulations).
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Tipologie di movimenti Esempi funzionali 
Tempi; scala delle 
ampiezze 
Movimenti locali 
Fluttuazione degli atomi 
Movimenti delle catene laterali 
Flessibilità del docking di 
ligandi; 
movimenti di diffusione nel 
tempo. 
Da fs a ps (10-15 - 10-12 s); 
 meno di 1 Å. 
Movimenti su media scala 
Movimenti dei loop 
Movimenti delle porzioni 
terminali 
Movimento a corpo rigido 
Adattamento conformazionale 
del sito attivo;  
specificità di binding. 
Da ns a µs (10-9- 10-6 s);  
1-5 Å. 
Movimenti su larga scala 
Movimenti dei domini 
Movimenti delle subunità 
Movimenti intra-dominio; 
transizioni allosteriche. 





Associazione di subunità 
Attivazione ormonale;  
funzionalità proteica. 
Da ms a h (10-3- 10-4 s);  
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Figura 1. Allineamento di sequenza fra subunità α-Lymnea stagnalis AChBP e le subunità α4 e β2 di 
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Tabella 1. Risultati per la valutazione del protocollo di docking su AChBP.
 QM-polarized docking Standard docking 
Modalità di scoring 
XP  
Modalità di scoring 
SP 
Modalità di scoring 
XP 



































-9.3 -10.7 -9.1 -10.7 -9.5 -10.7 -9.1 -10.7EBYQ 
(Epibatidina)
1.3 
∆ = -1.4 
0.3 
∆ = -1.6 
1.3 
∆ = -1.2 
0.1 
∆ = -1.6 




∆ = -4.7 
0.5 
∆ = -1.7 
0.5 
∆ = 1.7 
0.6 
∆ = -2.1 
-7.8 -10.1 -8.2 -10.1 -7.5 -10.1 -7.8 -10.11UW6 
(Nicotina)
0.3 
∆ = -2.3 
0.4 
∆ = -1.9 
0.3 
∆ = -2.6 
0.3 
∆ = -2.3 















































∆ = -5.7 
0.2 
∆ = -3.8 
0.3 
∆ = -5.7 
0.2 
∆ = -4.4 
∆ medio  2.5 kcal/mol  1.9 kcal/mol  2.3 kcal/mol  2.3 kcal/mol
a
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Figura 7. Variazione nel tempo del valore di RMSD per i residui del loop C, Sito A (187-194) blu, 
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Differenza (∆)a Differenza (∆)a
-13.12 -12.1 -8.3 -12.1 -7.5 -12.1 
(-)-Epibatidina 5 ns 
∆ = 1.02 
6.3 ns 
∆ = -3.8 ∆ = -4.6 
-13.22 -12.1 -7.8 -12.1 -7.6 -12.1 
(+)-Epibatidina 5 ns 
∆ = 1.12 
5 ns 
∆ = -4.3 ∆ = -4.5 
-9.0 -10.4 -7.2 -10.4 -7.1 -10.4 
S-(-)-Nicotina 6.3 ns 
∆ = -1.4 
6.3 ns 
∆ = -3.2 ∆ = -3.3 
0.41 -8.3 -6.7 -8.3 -4.2 -8.3 
Carbaccolo 15 ns 
∆ = -8.71
5 ns 
∆ = -1.6 ∆ = -4.1
-6.7 -9.8 -5.9 -9.8 -5.8 -9.8 
Metilcarbacolo 13.8 ns 
∆ = -3.1
13.8 ns 
∆ = -3.9 ∆ = -4.0
-11.2 -11.8 -8.0 -11.8 -6.7 -11.8 
Citisina 1.5 ns 
∆ = -0.6 
1.5 ns 
∆ = -3.8 ∆ = -5.1 
-9.4 -8.2 -6.5 -8.2 -6.2 -8.2 
R-Arecolina 5 ns 
∆ = 1.2
11.5 ns 
∆ = -1.7 ∆ = -2
-8.4 -8.2 -6.3 -8.2 -6.3 -8.2 
S-Arecolina 15 ns 
∆ = 0.2
5 ns 
∆ = -1.9 ∆ = -1.9
∆ medio  2.2 kcal/mol 3.0 kcal/mol 3.7 kcal/mol 
a
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Figura 14. Risulati del docking QM-SP per R-arecolina. La subunità α è colorata in azzurro, mentre 



















Figura 15.     +H.2 * . = α R   66
β 8  α>
 β)
8) 0G<,*/I  0
>*0     
 0  Q   B > * 66     
0 α,   "6Q6
pi− "6   
B )6  + MC22
08" *C2)66"6
 *  "6      **
  β%%'-G 6B.7···O,,/-VI β.
2   6 2 R *        
)**) α/A*,/(G 6B.7···O,,'%VI
**  α/A!,-G 6B.7···O,,$$VI
A0 Q   *6          
        *))   5!  ),
"   ""M   ";    + 4    **
60* +  .+
8 .)   "6   >   















 Q) α/A*,/(G 6B.7···O,,&V
 MC22I

Figura 16.   +H.2*)=)Mα R66
  )Mβ   8      α    
> β)
Figura 17.     + H.2 *  ) = )M α R  
66)Mβ 8  α
> β)
8     *   Q*6    
    )   HF  6 5 A















      *      *
  
8 R *  ***   *
*6  0 G %%-  *  I   






























=Q    *       6 **    
  R                
 G %&&(. %&&I  *   86
*     06 G8I    "   )
  *"2
= *)M   0**6
25 '5* >6 
  * Q**6 *  *6 06>
 A ! 8 GA8I  = 8 ! G=8I  Q
.2F4  *8

<   6 **  >  )) "66
Q6   ).    
     
$
   .
     




B    ).   *6 **




















  6  6"  *    % 
"
. 1	. 1		6
	  6 	  6 "  	  6 "
 	  6 )  	  6
)  	  6 ) 	  6
) 	


















2 >    6   . Q**
*6*09

• Q    +    
    *  F*     
" *)25

•      )M   *   6  
 G5I

•   6  Q )   )     =
8!

•   6       )





= )−  R    6 *S   Q   
    8"  M *  *  0  
>    , * > 6  * 
 0 )     ""   C    > R
 *)Q   ) %
H *)M )−   *
06*  * Q) 
)   * *  66 Q)   *6 
666 0 
4 ** *6 **  >    






























R  **   ""6 "  0 ∆4 G∆∆4I
*    0   H    " Q 6 
  *S "" Q   **      R 
0 *S ""   *   0 *6 * 
 ∆4
5 Q0  *6   >   *
Q**6   A8  ).  R   6  
*   "6    1!:  " G< ,
* , %I   )  Q6   "    0
M*Q0 ""6 ""M
8    ∆∆4 R  "" 66    **  )
*!***!
=Q** ) *! *%  * 0
*0    >    R  Q*6 
0 *!
8>** " *6    6 
0 Q   )       **  
 !  GR  *0      I *))
**)∆4
B        0 6   ""6 "  





0*> *   
E ** * 6 A8R
06   6  *    >Q* 















0 *  **λ 6 6
06 0
  6 00
  λ,  06   0   δ4Fδλ R     
 )
 0*S*)) R )
   6         " "  4"" 8 R
*   ) 0 6   #  1' 
Q     *))     "" 







3   ""M  Q66   A8 )) *  
*  **M ""       * *  
 Q) ) 
B *"      =8 R  **  * " 
)−     0 )9  1!: "
 * "   6 "
G<,*,%'$,'I
5* 0*6Q*  
  >   R ))6          
    *  *   *   * 
 )1 0*
B ). 0Q 0 60
606  *M **
 6$
86  *     *"   > **
*6 )) 66  * **   V>0 
)(-Gα = 0.181 β = 0.50 >  R&''
















***  	 )($ Gα = 0.476 β = 0.165 ) 
 #)Gα = 0.418 β = 0.087 )((











1 -6.67 -15.37 -8.61 -5.96 
2 -9.98 -14.07 -7.21 -6.31 
3 -8.19 -23.68 -10.64 -6.74 
6 -7.74 -21.35 -10.65 -7.06 
8 -8.92 -3.79 -5.07 -4.41 
13 -10.93 -20.97 -13.28 -9.55 
Errore  9.51 2.71 2.07 
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1 -6.67 -29.99 -20.06 -9.93 
2 -9.98 -40.54 -15.34 -25.15 
6 -7.74 -47.46 -18.96 -28.5 
8 -8.92 26.72 -16.02 42.74 

















Tabella 5. Predizioni del valore di ∆G *0*)−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1 -6.67 -27.04 -20.06 -6.98 
2 -9.98 -38.28 -15.34 -22.24 
6 -7.74 -48.97 -18.96 -30.01 
8 -8.92 -17.40 -16.02 -1.38 
13 -10.93 -54.86 -20.78 -34.08 
"0:&07













1 -6.67 -12.06 -20.06 -7.99 
2 -9.98 -27.66 -15.34 -12.32 
6 -7.74 -32.79 -18.96 -13.83 
8 -8.92 -0.51 -16.02 15.51 
13 -10.93 -26.63 -20.78 -6.63 
"0:&&&*
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Calcolo dell’energia libera utilizzando la LIE 
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21 -11.1 -21.51 -16.87 -12.80 
22 -10.6 -9.26 -16.98 -14.75 
23prima posa -6.50 -5.38 -7.80 -6.48 
23seconda posa -6.50 -5.28 -8.30 -6.47 
24 -10.80 -11.71 -13.67 -11.31 
Errore medio* 3.67 4.08 1.34 
*l’errore medio è calcolato utilizzando  il valore della prima posa della casuarina. 
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Mutagenesi computazionale (Computational Alanine Scanning) 
=  *6 **  *    
   ""6  Q )   )  F   
 * 6              
 =Q**6   > *  )   















  6 "    * U  *  "  0
" ) 
= " %,.%/   )  ∆4   )  *  
 9 )  66      )
























160 447 512 153 312 547 520 453 207
 	 ) Q   )  *  0    * *





















205 277 207 279 153 160 159 310 152 196 157 447 496 520 512 307 453


)Q ) *0 *.









































203 157 275 155 194 277 151 205 445 310 510 305 444 150 308
  ) Q   )  *  0    * .
























311 204 278 159 276 206 158 156 151 152 511 309 510 452 306 519
  ) Q   )  *  0    * .
6* 60 6)
 ,+F
=Q      R    *  
 .,      )   *    P,  
0 6 *55Q06 <%,0
  ))   R "   

















A *> *S ** )  .$.
?.". %&-%((4%(GI66
 .,     *6   H   
Q*6 .,*)  )
=Q 0    *    *',,  * F
6 GI>R*)) 0 "6 
* 
"0 









= . R  6 0    6
 Q R *25
G* ) %H	I=Q* " >6   
   *      )  * >  
  6")Q6R""66 
6  =M  0
6*.F
 .F.$.?.".  *  *
>Q *        
 +
= 6 **  Q    +  **
6    * B *  *6   
 *Q  GI


















66 Q* 6 5 *











= 6  5    *    '5   *
.F   0 6 
    *      
)*6GI
=Q 6 R  "




















66 Q* 6 5 *
*4.

= 6   * .F.$.?.".
  *    +
=  0  * *  "  6
)M  *
 R  )
,%       *   >     
0
  6 ""    *   
6)M ** 6
 ) **6 6
8   ) ,/         ,,     
0
=Q   )   )  G 
I 0 6  






























Calcolo dell’energia libera utilizzando la LIE 
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23 -8.65 -8.65 -8.75 -6.21 
24prima-posa -4.64 -7.16 -9.70 -7.26 
24seconda-posa -4.64 -12.41 -7.33 -5.55 
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